We attempted to study the compatibility among plant beneficial bacteria in the culture level by growing them near in the nutrient agar plates. Among all the bacteria tested, Rhizobium was found to inhibit the growth of other bacteria. From the compatible group of PGPR, we have selected one biofertilizer (Azospirillum brasilense strain TNAU) and one biocontrol agent (Pseudomonas fluorescens strain PF1) for further studies in the pot culture. We have also developed a bioformulation which is talc powder based, for individual bacteria and mixed culture. This formulation was used as seed treatment, soil application, seedling root dip and foliar spray in groundnut crop in vitro germination conditions. A. brasilense was found to enhance the tap root growth and P. fluorescens, the lateral root growth. The other growth parameters like shoot growth, number of leaves were enhanced by the combination of both of the bacteria than their individual formulations. Among the method of application tested in our study, soil application was found to be the best in yielding better results of plant growth promotion.
INTRODUCTION
The rhizosphere is a highly dynamic front for interactions between roots and pathogenic and beneficial soil microbes, invertebrates, and root systems of competitors (Hirsch et al. 2003) . However, because plant roots are hidden belowground, many of the interesting phenomena in which they are involved have remained largely unnoticed. The root-microbe interactions has been classified as positive (mediated largely by PGPRplant growth promoting rhizobacteria) and negative associations (pathogens). A third category of neutral associations is also recognized. Plant growthpromoting rhizobacteria (PGPR) are beneficial bacteria that colonize plant roots and enhance plant growth by a wide variety of mechanisms. The use of PGPR is steadily increasing in agriculture and offers an attractive way to replace chemical fertilizers, pesticides, and supplements (Ashrafuzzaman et al. 2009 ).
Although individual PGPR strains have demonstrated to perform well under specific crop-soil environments, many microbes are recommended for a single crop. For example, rice farming has been advocated with use of PGPR ANDHARE A. PRASAD and SUBRAMANIAN BABU like Azospirillum, Azotobacter, Phosphobacteria and P. fluorescens for various purposes. Recently, Bacillus subtilis has been proved effective against many pathogens of rice and also an effective endophyte to induce systemic resistance. Hence farmers are left with applying the biofertilizer and biocontrol agents separately and multiple times during crop growth stage. All the microbes have to prove effective in colonization of the plant roots for efficient function under natural soil conditions. Compatibility between the PGPR microbes to colonize the root system without inhibiting each other is a pre-requisite for success of using multiple microbes in a crop field.
The use of mixed cultures of beneficial microorganisms as soil inoculants is based on the principles of natural ecosystems which are sustained by their constituents; that is, by the quality and quantity of their inhabitants and specific ecological parameters, i.e., the greater the diversity and number of the inhabitants, the higher the order of their interaction and the more stable the ecosystem (Higa 1994). The mixed culture approach is simply an effort to apply these principles to natural systems such as agricultural soils, and to shift the microbiological equilibrium in favor of increased plant growth, production and protection (Higa 1994) .
Not much work have been done on the compatibility of the PGPR bacteria with each other except for some mixed formulations involving two biocontrol agents or two biofertilizers. Direct field trials using mixed formulations have resulted in increased yield and disease resistance, than individual stains, in crop plants and have been recorded. However, the relative contribution of each of the strain in the overall performance of the crops is largely unknown (Babu 2011) . With this background, we attempted to study the compatibility among the commercially available bioinoculant bacteria used in South Indian agriculture. Based on compatibility exhibited in culture, we evaluated a two-bacterial mixture viz., A. brasilense and P. fluorescens for growth promotion in groundnut.
MATERIALS AND METHODS

MICROBIAL CULTURES
Four biofertilizers viz., Rhizobium (CRR6/CPR9), Azotobacter (NB-1), Azospirillum (Az-204), Phosphobacteria (Bacillus megaterium, TNAU-1) and two biocontrol agents viz., Pseudomonas fluorescens (PF-1) and Bacillus subtilis (Bbv-57) were obtained as commercial talc powder based formulation from Tamil Nadu Agricultural University, Coimbatore, India. One gram of the formulation was suspended in 5 mL of sterile water overnight and the supernatant was serially diluted and plated onto nutrient agar plates by spread plate method. Single colonies were isolated and maintained as pure cultures on nutrient agar slants for further studies.
COMPATIBILITY TEST IN CULTURE
Bacterial cultures were streaked on nutrient agar plates in such a way that for every single bacterial culture in the centre of the plate, other cultures are streaked radiating from the centre. The plates were incubated at 37°C for 48 h and the zone of inhibition was observed and recorded. PREPARATION The data on growth parameters were analyzed statistically using student's t-test.
RESULTS
In culture compatibility studies, each plate carried all the test bacteria with one bacterial strain in the centre and other bacteria streaked radiating from the centre. The results of the experiment are presented in Figure 1a . In all the plates, Rhizobium showed growth inhibition of other bacteria irrespective of its position in the plate (centre or radiating from centre). Figure 1b represents the closer view of zone of inhibition exhibited by Rhizobium on other bacteria. The root and shoot growth of groundnut treated with the individual and mixed formulations by soil application is presented in Figure 2a . The growth of roots is significantly higher in the mixed formulation treatment compared to individual bacteria and the untreated control. Figure 3a represents the root and shoot growth of the plants under seed treatments. Seed treatment also resulted in the enhanced root growth in mixed formulation treatment than individual bacteria and the untreated control. Seedling root dip method for the artificial inoculation of groundnut plants with individual and mixed PGPR resulted in no visible significant difference in the root or shoot growth ( Figure 4a ). The root and shoot growth were similar in all treatments and were on par with untreated control. Foliar spray treatment also produced similar results as like seedling root dip method and no visible differences could be observed in the root and shoot growth when the individual and mixed application of the bacteria were compared with untreated control (Figure 5a ).
In the soil treatment experiment ( Figure  2b , Tables I-V), the average shoot length of the seedlings in mixed bacterial treatment, individual P. fluorescens and control were on par. A. brasilense recorded less shoot length of the seedlings. Tap root length was more in A. brasilense and significantly higher than other treatments and control. Lateral root length was more in the case of mixed bacteria Tables I-V) , the shoot length was recorded higher in the plants treated with both the bacteria. Tap root growth was maximum in A. brasilense treatment. Compared to control, the tap root growth was significantly higher in all treatments including individual and mixed bacteria. The lateral root growth was higher in the plants treated with both bacteria. All other treatments were on par with the control. Lateral root growth was recorded highest in the treatment of formulation containing both bacteria and all other treatments were on par with the control in inducing lateral root growth. The number of leaves and branches were more in the treatment with P. fluorescens as single strain formulation than the mixed formulation or A. brasilense. In seedling root dip treatment (Figure 4b , Tables I-V) , the shoot length recorded in P. fluorescens individual strain containing formulation was higher than its combination with A. brasilense or the individual A. brasilense. However, the tap root growth was significantly higher in A. brasilense treatment than any other treatment. Number of leaves and branches were more in mixed formulation treatment when applied as seedling root dip. The color of the leaves and overall plant growth was better in the P. fluorescens treatment individually and in combination with A. brasilense. In foliar spray experiment (Figure 5b , Tables I-V), the shoot length recorded was higher in the P. fluorescens individual strain. Other treatments failed to show drastic differences from untreated control. Tap root length was the highest in P. fluorescens treatment when it was used as individual strain. 
DISCUSSION
In our study, among the different rhizosphere microbes tested for their compatibility in culture growth, the Rhizobium species was found to inhibit the growth of other bacteria as evident from the zone of inhibition observed in the plates. All other microbes viz., Azospirillum, Azotobacter, Phosphobacteria, P. fluorescens and B. subtilis were compatible with each other. These results have made us to choose the best two candidate bacteria for pot culture studies. We have chosen A. brasilense (biofertilizer) and P. fluorescens for the testing of their compatibility in the formulation. Choice of bacteria for further studies is based on combination of one biocontrol agent and one biofertilizer among the compatible species.
A. brasilense individual strain formulation resulted in increased tap root growth when compared to P. fluorescens and control. It is interesting that the tap root growth was not enhanced by Azospirillum when it is present in combination with P. fluorescens in the mixture. All other parameters like shoot growth, lateral roots, number of leaves etc. were highly influenced by the activity of P. fluorescens. When P. fluorescens is in combination with A. brasilense, the impact on all these aforesaid parameters was more.
Comparing the method of application of the formulations to groundnut, soil treatment was found to be the best yielding better results in all growth parameters tested. Next to soil treatment, seed treatment was found better. Foliar spray failed to produce any significant influence on growth parameters of groundnut when compared to control implicating that these bacteria can perform well when they are in their native environment, the soil. Seedling root dip was not found to be an optimal method of application of bioformulations and we found it not surprising because, groundnut is not a transplanted crop but it is directly sown in the field conditions. Moreover, since A. brasilense is a biofertilizer commercially used in agriculture for all the field crops, its role in tap root growth is validated in our study. However, for the growth of lateral roots, P. fluorescens has to play a role as evident from our study. Since root growth is the most significant parameter for groundnut yield, our study clearly demonstrates that the combination of A. brasilense and P. fluorescens in a more optimal mix can enhance root growth in groundnut and in turn yield of groundnut.
PGPR like Pseudomonas are of particular interest because of the intrinsic ability of certain strains to colonize the rhizosphere at a high density, to compete successfully with other microbes, and to produce secondary metabolites involved in plant growth stimulation and induced systemic resistance to biotic stress posed by pests and pathogens. Aggressive colonization and the ability to compete with resident microbes are prerequisites for the establishment of effective plant growth promoting and biocontrol strains. The efficient inoculant should survive in the rhizosphere, make use of nutrients exuded by the plant, proliferate, be able to efficiently colonize the entire root system and be able to compete with endogenous microbes. Inadequate biocontrol in field experiments has often been correlated to poor root colonization (Bloemberg and Lugtenberg 2001) . Identification of the genes and traits involved in the processes of inoculation and root colonization will give a more detailed insight into plant-microbe interactions and lead to more efficient application of inoculant strains. For example, P. fluorescens genes that are specifically expressed in the rhizosphere (i.e. rhi genes) have been identified. Some of the genes were reported to have a role in nutrient acquisition, stress response, or secretion. Many root colonization genes and traits from Pseudomonas have been identified.
Several rhizosphere bacteria have been reported to possess more than one desirable characteristic. Besides having nitrogen fixing ability, Azospirillum spp. secrete phytoharmones such as auxins, cytokinins and gibberellins. Still growing discovery of beneficial effects of Pseudomonas include i) plant growth promotion. ii) production of antifungal metabolites like phenazines, pyrrolnitrin, pyoluteorin, 2,4-diacetylphloroglucinol, antifungal cyclic lipopeptides such as viscosinamide and tensin, antifungal enzymes like chitinase and other lytic enzymes, siderophore and hydrogen cyanide production, all having direct effect on pathogens iii) induced systemic resistance against fungi, bacteria, virus, insects and nematodes which involves indirect effect on biotic stress factors. iv) Imparting tolerance to abiotic stress like saline stress, v) Interaction of Pseudomonas with Rhizobium. During evolution, plants have become associated with guilds of plant-growth-promoting rhizobacteria (PGPR), which raises the possibility that individual PGPR populations may have developed mechanisms to cointeract with one another on plant roots (Combes-Meynet et al. 2011) . Rhizosphere microorganisms are not only influenced by inhibitory plant compounds but compounds of microbial origin involved in parasitism, antagonism, or competition (Bouwmeester et al. 2007 , Couillerot et al. 2009 ). In addition, molecular signals i.e., low molecular weight compounds that are emitted by an organism and recognized by another at nanomolar to micromolar concentration, and that elicit a response in the latter (Hirsch et al. 2003 , Bais et al. 2006 ) are also involved. These signals are important for the establishment of mutualistic and associative interactions between microorganisms and plant roots (Cooper 2007 , Pothier et al. 2007 . Most signaling phenomena studied in the case of multitrophic interactions involving PGPR concern the impact of i) root-secreted compounds on the selection of root-associated bacteria (Ramey et al. 2004 ) and the control of their plant-beneficial activities (Pothier et al. 2007 , Rudrappa et al. 2008 , Teplitski et al. 2000 ; ii) bacterial secondary metabolites, including phytohormones, on root growth and plant defense (Lambrecht et al. 2000 , Pieterse et al. 2003 ; and iii) quorum-sensing pheromones in the regulation of microbe-microbe social relationships (Boyer et al. 2008 , Daniels et A differential fluorescence induction promotertrapping approach based on flow cytometry was used to identify Azospirillum genes upregulated by 2,4-diacetyl phloroglucinol produced by Pseudomonas sp (Combes-Meynet et al. 2011) . Four of the phytostimulation related genes (i.e., ppdC, flgE, nirK, and nifX-nifB) tended to be upregulated on wheat roots in the presence of P. fluorescens. Such studies have not been done in rice.
Our results obtained in the present study indicate that a similar or same mechanism might underpin the beneficial interactions between P. fluorescens and A. brasilense in promoting seedling growth of groundnut. It is very important to understand the interaction among these two PGPR microbes at the molecular level to have a fundamental clue on the observed synergism in groundnut plant growth promotion. This can help design better consortia of microbes (with P. fluorescens and A. brasilense as members) and in a better formulation for application in groundnut and later in other agricultural crops.
